Abstract. Access to safe drinking water and improved hygiene are essential for preventing diarrheal diseases. To integrate hygiene improvement with antenatal care, free hygiene kits (water storage containers, water treatment solution, soap) and educational messages were distributed to pregnant women at antenatal clinics in Malawi. We assessed water treatment and hygiene practices of 275 non-pregnant friends and relatives of the hygiene kit recipients at baseline and follow-up nine months later to measure program impact on non-participants in the same communities. At follow-up, friends and relatives who did not receive kits or education were more likely than at baseline to purchase and use water treatment solution (25% versus 1%; P < 0.0001) and demonstrate correct handwashing practices (60% versus 18%; P < 0.0001). This antenatal clinic-based program resulted in improved water treatment and hygiene behaviors among non-pregnant friends and relatives living in the same communities as hygiene kit recipients, suggesting that program benefits extended beyond direct beneficiaries.
INTRODUCTION
Diarrheal illness is a leading cause of mortality in children less than five years of age in the developing world. 1 In Malawi, where the child mortality rate is high at 122 deaths per 1,000 live births, a national survey found that nearly 24% of children less than five years of age had an episode of diarrhea in the preceding two weeks. 2 Among other things, three key practices have been shown to be effective in reducing the risk of diarrheal diseases: use of household water treatment, handwashing with soap, and improved sanitation. [3] [4] [5] To reduce the risk of diarrhea in Malawi, a household water treatment product (WaterGuard) was introduced in 2002 for national marketing and distribution by the nongovernmental organization Population Services International (Washington, DC). A 2005 survey in Malawi showed that although 65% of mothers had heard of WaterGuard, reported current use was 7%. 6 In 68 countries where 97% of global maternal and child deaths occur, 88% of women reported at least one antenatal visit, suggesting that antenatal care could be a productive platform for integrating interventions to improve maternal and child health. 7 In Malawi, 93% of pregnant women receive some antenatal care from a skilled provider; however, only 57% deliver at a health facility and only 7% of mothers receive postnatal checks. These gaps in care contribute to high maternal mortality, 984 deaths per 100,000 live births. 2 In an attempt to increase use of perinatal services and motivate pregnant women to treat their household water and improve handwashing practices, we implemented a pilot program to integrate promotion of water treatment and hand hygiene with antenatal care programs targeting 15,000 pregnant women in two districts of Malawi. 8 The intervention consisted of the free distribution of hygiene kits (a water storage container with a cover and a tap, a bottle of WaterGuard, a bar of soap, two sachets of oral rehydration salts, and educational material) at their first antenatal clinic visit, and refills of WaterGuard and soap at up to three additional antenatal, delivery, or postnatal visits. We evaluated the program by conducting a baseline survey of 400 program participants and a follow-up survey nine months later. The evaluation demonstrated an increase in confirmed household water treatment among hygiene kit recipients with WaterGuard from 2% at baseline to 61% at follow-up and an increase in the ability to demonstrate proper handwashing technique from 22% at baseline to 68% at follow-up. 8 During this evaluation, we also assessed water treatment and handwashing behaviors among friends and relatives of hygiene kit recipients. Behavior change research suggests that a variety of factors can influence adoption of interventions, including interactions within social networks. 9, 10 We hypothesized that social relationships would facilitate the transfer of knowledge and behaviors promoted by antenatal care program staff from hygiene kit recipients to non-pregnant women in the same communities. In this report, we describe the results of an assessment of the behaviors of hygiene kit recipients' friends and relatives.
METHODS
Evaluation design. Pregnant women participating in the antenatal clinic program (hereafter referred to as hygiene kit recipients) were asked at enrollment to identify friends or relatives who were not currently pregnant and were mothers of children less than five years of age. We conducted a baseline cross-sectional survey of one non-pregnant mother per hygiene kit recipient and performed a follow-up survey of the same women nine months later.
Sample selection. The assumptions for sample size calculations were for hygiene kit recipients and were based on the objectives of the antenatal clinic program. By assuming 7% overall use of WaterGuard at baseline based on a previous national survey, 100% increase in use among hygiene kit recipients based on prior experience with water treatment interventions, a discordant proportion of 20%, a type I error of 5%, power of 80%, and a loss to follow-up of approximately 20%, we calculated a sample size of 400 pregnant women (PASS 2008 version 8.06). 6, 11, 12 We selected hygiene kit recipients by weighted sample proportional to the average monthly antenatal clinic attendance at each health facility, and asked each hygiene kit recipient to provide the names of three non-pregnant female friends or relatives in their community who had at least one child less than five years of age. For each hygiene kit recipient, we selected one friend or relative, often the closest neighbor with a separate supply of drinking water for her family.
Baseline survey. We visited the friends and relatives at home in May 2007 to collect data on demographic and socioeconomic characteristics, water sources, and water storage, treatment, and hygiene practices. During the home visit, we made observations regarding water storage, treatment, and hygiene practices, presence of soap, and demonstration of handwashing procedure. We tested stored drinking water for residual chlorine using the N,N-diethyl-p-phenylenediamine colorimetric method using Hach Free and Total Chlorine kits (Hach Co., Loveland, CO) as an objective measure of WaterGuard use.
Program implementation. Details of the implementation of the antenatal integration program are described elsewhere. 8 As standard procedure, community health workers visit families in their catchment areas at regular intervals to reinforce health messages conveyed at the health clinics. These health workers visited hygiene kit recipients several times throughout the program period and included visits to neighboring friends and relatives on an array of health topics. Friends and relatives had no direct involvement with the antenatal hygiene kit program unless they became pregnant and therefore eligible for enrollment. Friends or relatives who became pregnant during the nine months between baseline and follow-up visits were excluded from this evaluation. Population Services International, which helped train Ministry of Health staff at the antenatal clinics, also ensured throughout the program period that WaterGuard awareness reached target communities through increased radio advertisements, billboards, and promotional materials in shops, and that WaterGuard bottles were made continually available at local commercial sales outlets. These promotional activities were designed to generate demand for, and assure an adequate supply of, WaterGuard for the duration of the program.
Follow-up survey. In February-March 2008, field workers conducted follow-up interviews and observations of friends and relatives during surprise visits to assess whether their practices had changed compared with baseline. Follow-up questionnaires were identical to baseline forms except for additional questions regarding whether the friend or relative herself had become pregnant and received a hygiene kit during the program.
Human subjects protection. The Centers for Disease Control and Prevention Institutional Review Board determined that, because this activity consisted of an evaluation of a proven public health practice, it was exempt from human subjects research oversight. The Ministry of Health collaborated fully in the implementation and evaluation of this program as public health practice. Oral informed consent was obtained from all survey participants and personal identifiers were permanently removed from the database.
Data analysis. Data from baseline and follow-up surveys were entered into an Access 2003 database (Microsoft, Redmond, WA) and analyzed by using SAS software version 9.2 (SAS Institute, Cary, NC) and SUDAAN version 10.0.1 (Sudaan, Research Triangle Park, NC). The primary outcomes of interest included confirmed WaterGuard use (defined as presence of a WaterGuard bottle in the home and detectable residual chlorine in stored water) and lathering hands completely with soap during a handwashing demonstration. To classify respondents by socioeconomic status, we used principal component analysis methodology in which household assets were assigned values based on a scoring factor as described. 13 Asset indicators included ownership of consumer durables, observed characteristics of the household dwelling, and land ownership. Asset values were summed for each woman to create a household asset score. Respondents were placed in socioeconomic quintiles based on their asset score relative to their district's survey population.
Comparisons between the two districts on baseline demographics were performed by using the Wald F-test accounting for clustering by health facility by the Taylor series method of variance estimation (SUDAAN). Baseline and follow-up data were summarized and compared using McNemar's test for paired proportions adjusting for clustering by health facility.
14 For a few instances in which the adjustment to McNemar's test was not feasible, an exact test of a binomial proportion was used.
To assess factors associated with confirmed use of WaterGuard and correct handwashing demonstration at followup among the subset of friends and relatives who did not exhibit these behaviors at baseline, bivariate odds ratios (ORs) were estimated by a logistic regression adjusting for district. The Taylor series method of variance estimation was used to account for stratification by district and clustering by health facility (SUDAAN). This method was also used to assess concordance at follow-up among friend/relativehygiene kit recipient pairs in the subset that did not exhibit the behavior at baseline.
RESULTS
Enrollment. At baseline, we enrolled 230 friends and relatives in the catchment areas of the eight health facilities in Blantyre District and 156 from the seven health facilities in Salima District. Six women were excluded from each district because of poor data quality. During the follow-up survey, 65 (28%) women in Blantyre District and 19 (12%) in Salima District were lost to follow-up; the reasons included moved away (88%), refused to participate (3%), died (1%), and other (8%). Ten women from Blantyre and 17 from Salima became pregnant and eligible to receive hygiene kits through the antenatal clinics during the program period and were therefore excluded from analysis. Data from the remaining 275 women who completed the follow-up survey, 155 from Blantyre and 120 from Salima, were included in the analysis. Demographic and socioeconomic characteristics. Respondents had a median age of 25 years (range = 16-42 years) and a median of one child less than five years of age (range = 1-4) at the time of enrollment (Table 1) . A higher proportion of respondents from Blantyre than Salima reported urban residence (52% versus 8%), completion of primary school (50% versus 16%), and ability to read (77% versus 52%). There were no significant differences in the distribution of demographic, water, sanitation, or hygiene characteristics between friends and relatives and the hygiene kit recipients.
Assessment of change in behaviors from baseline to follow-up among friends and relatives.
Water sources, storage, and treatment. At baseline, 89% of all respondents reported using an improved drinking water source, 92% in Blantyre and 84% in Salima. Ninetyeight percent of respondents reported storing their drinking water, and by observation, 89% used a lid on their container (Table 1) . From baseline to follow-up, the proportion of respondents who reported having treated their drinking water increased from 62% to 92% (P < 0.0001) ( Table 2 ). The most commonly reported treatment methods were boiling (34 to 24%; P < 0.0001); WaterGuard (33 to 69%; P < 0.01); and using the free chlorine stock solution distributed by the Ministry of Health (10 to 22%; P < 0.001). At baseline, 24% reported treating their water by any method in the past two days compared with 70% at follow-up (P < 0.0001). WaterGuard awareness and use. From baseline to follow-up, the percentage of respondents having heard of WaterGuard increased from 94% to 99% (P < 0.05) in Blantyre and from 79% to 99% (P < 0.0001) in Salima (Table 2) . Among women in both districts who had heard of WaterGuard, the percentage who were able to correctly indicate how to use the product (i.e., could identify correct dose and wait time) increased from 26% at baseline to 50% at follow-up (P < 0.0001). At follow-up, most (78%) respondents reported that someone had taught them how to use WaterGuard. Health care providers in the clinic (44%), community health workers visiting the home (38%), and friends, relatives, or neighbors (13%) gave them the most confidence to use WaterGuard; 59% reported having heard about WaterGuard from a hygiene kit recipient, and 3% reported hearing about WaterGuard from a hygiene kit recipient alone.
The percentage of friends and relatives who reported having used WaterGuard in the previous two days increased from 11% to 41% (P < 0.0001 (Table 2) . WaterGuard bottles were observed in 6% of homes at baseline and 28% of homes at follow-up (P < 0.0001). Stored water samples from 8% of homes at baseline had positive chlorine residuals compared with 38% at follow-up (P < 0.0001). We confirmed WaterGuard use (i.e., an observation of a WaterGuard bottle in the home and detectable residual chlorine in stored drinking water) in 1% of friends and relatives' homes at baseline compared with 25% of homes at follow-up (P < 0.0001).
Hand hygiene. Soap was observed in 68% of friends and relatives homes at baseline and 76% at follow-up (P = 0.07) ( Table 2) . When friends and relatives were asked to demonstrate how they washed their hands, 18% lathered their hands completely with soap at baseline compared with 60% at follow-up (P < 0.0001).
Factors associated with improved water treatment and hand hygiene practices. Among respondents who did not have confirmed WaterGuard use at baseline, there was a significant association, controlling for district, at follow-up between confirmed WaterGuard use and being in the upper two wealth quintiles (Table 3) . Among respondents who did not demonstrate correct handwashing procedures at baseline, respondents who were literate were significantly more likely to demonstrate correct handwashing procedures at follow-up. Neither behavior was significantly associated with urban residence or completion of primary school. Both behaviors among friends and relatives at follow-up were significantly associated with hygiene kit recipient follow-up behavior, but not baseline behavior.
Concordance of behavior change among friend/relative and hygiene kit recipient pairs. Although there was a significant change in friend and relative behavior from baseline to follow-up independent of hygiene kit recipient behavior (Table 2 ) and a change from baseline associated with hygiene kit recipient follow-up behavior but not baseline behavior (Table 3) , the following analysis specifically focuses on whether behavior change in friends and relatives is associated with behavior change in hygiene kit recipients. Among the set restricted to the 222 friend/relative-hygiene kit recipient pairs without confirmed WaterGuard use at baseline and controlling for district, friends or relatives were more likely to exhibit confirmed WaterGuard use at follow-up if the corresponding hygiene kit recipient also had confirmed WaterGuard use (OR = 2.6, 95% confidence interval = 1.3-5.3). Similarly, among 169 friend/relative-hygiene kit recipient pairs that did not demonstrate proper handwashing at baseline, friends or relatives were more likely to demonstrate proper handwashing at follow-up if the corresponding participant also exhibited proper handwashing technique (OR = 2.2, 95% confidence interval = 1.4-3.5).
DISCUSSION
Results of this evaluation suggest that the beneficial impact of an antenatal hygiene kit program on water treatment and handwashing behaviors in expectant mothers extended beyond direct beneficiaries to include friends and relatives who were not part of the program. The magnitude of the increase in water treatment behavior among friends and relatives was noteworthy because it required the purchase of WaterGuard solution. Our hypothesis that hygiene kit recipients influenced water treatment and hygiene behaviors in their friends and relatives is strongly supported by the observation that friends or relatives were significantly more likely to change from non-use of WaterGuard at baseline to confirmed use at follow-up if the corresponding hygiene kit recipient also changed from nonuse to confirmed WaterGuard use. A similar positive association between friend/relative-hygiene kit recipient pairs in the change from improper handwashing technique at baseline to proper handwashing technique at follow-up further supports our hypothesis.
There are several possible explanations for these striking results. First, social networks are known to have an influence on behavior. 15 Second, research into the diffusion of innovations suggests that the transfer of ideas takes place most commonly among persons who share common demographic and socioeconomic characteristics, as exhibited by the hygiene kit recipients and friends and relatives enrolled in this evaluation. 9, 10, 15, 16 Furthermore, four of the five characteristics that influence diffusion of innovations were present in this program: advantage of the innovation over alternatives (e.g., boiling, which is more expensive and time-consuming than WaterGuard), compatibility with existing needs, low complexity, and trialability (i.e., the possibility of observing hygiene kit recipients using WaterGuard or washing hands). 9, 10, 15, 16 The influence of the fifth characteristic, observed impact (in this case diarrhea prevention), was not assessed in our evaluation, but cannot be excluded. Additionally, the program may have facilitated the behavior change process by employing behavior change strategies at multiple levels of influence, including mass media promotion, Ministry of Health engagement, clinic-based education, and interpersonal communication by community health workers and between individuals. [16] [17] [18] The friends and relatives in this evaluation identified a variety of information sources about WaterGuard that may have influenced their behavior, including their corresponding hygiene kit recipient (59%), health providers in the clinic (44%), community health workers visiting the home (38%), and friends, relatives, or neighbors (13%). Although the multiple information sources identified in this evaluation obscure which influences were most important, we believe the transfer of information from the hygiene kit recipients or health workers in the program were the leading factors. A qualitative evaluation performed among hygiene kit recipients and their friends and relatives following this evaluation corroborated this likely mechanism of influence. 19 We doubt that secular trends in water treatment explain much, if any, of these changes because national sales of WaterGuard from 2007 through 2008 changed by less than 2% (Population Services International, unpublished data). In addition, no programs offering free distribution of WaterGuard other than the one described in this paper were present in these districts during the period of the evaluation.
Among hygiene kit recipients who received up to four free bottles of WaterGuard, the significant increase in water treatment from baseline to follow-up was associated with lower wealth quintiles, suggesting that free WaterGuard distribution helped improve equity of access to the product. 8 In this evaluation, the increase in water treatment from baseline to follow-up among friends or relatives, who had to purchase WaterGuard, was associated with higher wealth quintiles. This finding suggests that although the price of WaterGuard (US $0.12) was low, cost was a barrier to engaging in water treatment behavior. This finding was consistent with other reports and suggests that improving equity of access to health products like WaterGuard may require price subsidies. 18 In fact, in this evaluation we found that friends and relatives were also more likely to treat their drinking water at followup than at baseline with free chlorine stock solution distributed by the Ministry of Health, a fully-subsidized alternative that enabled demand for water treatment products to be met for some persons.
This evaluation had several important limitations. First, participation in the evaluation may have influenced the respondents' behavior. We attempted to mitigate this effect in the evaluation design by making two surprise visits nine months apart and in the analysis, by assessing whether change in behavior among friends and relatives was associated with change in behavior among hygiene kit recipients. Second, the population lost to follow-up was wealthier and more likely to live in urban areas than the follow-up evaluation population. However, improvements in water treatment and hand hygiene practices among respondents with similar demographics who remained in the evaluation suggest that the loss to follow-up of these women did not significantly alter evaluation findings. Third, the baseline survey was conducted during the dry season, but the follow-up survey was conducted during the rainy season. Seasonal variation may have affected water treatment behaviors. We do not, however, believe that the behavior changes noted could have been caused by seasonal variation alone because seasonal changes in WaterGuard purchases in Malawi are minimal and do not approach the magnitude of change seen in water treatment behavior in this evaluation (Population Services International, unpublished data).
The significant improvements in water treatment behavior and demonstrations of handwashing technique among friends and relatives of hygiene kit recipients suggested that the integration of these interventions into antenatal services had impact beyond direct program beneficiaries. Further evaluation into the apparent diffusion of these behaviors to networks of friends and relatives is warranted to better understand how to use novel implementation approaches to disseminate public health interventions as widely as possible among vulnerable populations.
